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S.2 Assessment of absolute location robustness
Accuracy in absolute locations is crucial for interpretation of underlying mechanisms, especially if seismicity is correlated with surface structures (e.g. seafloor morphology). The absolute position of DD-solutions strongly depends on the accuracy of the initial hypocenters. Since the EHB locations are the reference base for the overall absolute location of the DD solutions, possible bias in the EHB locations would also affect the absolute position of the DD-solutions. Such bias may result from deviations of the true structure from the 1D velocity model ak135 used to locate the events (presence of slab, etc.) and bias in station geometry.
To assess the effect of source-side 3D velocity structure on the location of earthquakes in the Andaman Sea, we calculated theoretical P-wave travel times (first arriving phases only; distances ≤95º) in a 3D velocity model [Widiyantoro and van der Hilst, 1997] for a series of synthetic hypocenters (black dots in Figure S5 ). A synthetic, symmetrical distribution of receivers (gray triangles in Figure S5 ) is chosen to eliminate effects due to station geometry. A grid-search, using a global 1D model (ak135), is performed around the true hypocenter, with a resolution of 1 km in latitude and longitude and 0.1 s in origin time. The focal depth is fixed to 10 km, though tests with floating focal depths show only biases in origin time. Gray arrows in Figure S5 indicate direction and amplitude of epicenter-mislocations due to the effect of unmodeled source-side 3D velocity structure. In general, solutions in the 1D model tend to locate north of their 3D location with a mean mislocation of about 5 km.
To assess the additional effect of the network geometry, travel times are calculated for the same set of sources in the 3D model, using a realistic station distribution (black triangles in Figure S5 ) taken from an earthquake in the Andaman Spreading Center (mb=5.1). Only stations reporting P phase picks in the ISC bulletin are considered. The combined effect of 3D structure and network geometry is shown in Figure S5 by black arrows. Along the central and the eastern segment of the spreading center, the effect of network geometry compensates the mislocation caused by unmodeled 3D structure, and the net mislocation is smaller than 1 km. Mean shift in origin time is on the order of -1 s in both tests. Systematic errors in absolute location caused by the combined effect of unmodeled 3D velocity structure and potential bias due to heterogeneous station distribution are less than 1 km in longitude and less than 5 km in latitude for most parts of the Andaman Sea. EHB epicenters might be located slightly south of their true location.
Effects of the 3D velocity structure on the absolute focal depths were not explicitly studied in this test. The absolute depths of the initial locations strongly depend on depth phases. Relative depths, however, are reasonably well constrained because of the differential core phases with their steep takeoff angles. Insufficient linkage of depth and core phases can result in poorly constrained focal depth of individual earthquakes. Figure S5 . Arrows indicate direction and amplitude of absolute mislocation of epicenters (in kilometers) caused by using a global 1D velocity model (ak135). Gray arrows correspond to a synthetic station configuration (gray triangles in inset map), reflecting pure model effects. Black arrows correspond to a realistic station configuration (black triangles in inset map), reflecting combined effect of 3D structure and network geometry. Position of synthetic hypocenters is indicated by black dots. Tectonic features (after Curray [2005] ) are indicated by thin gray lines, ridge segments as defined by Kamesh Raju et al. [2004] are indicated by bold gray lines. Circles in inset map correspond to great-circle distances in degree.
S.3 b-value analysis
The frequency-magnitude distribution describes the relationship between the frequency of occurrence and the magnitude of earthquakes. The b-value describes the relative size distribution of events and can be indicative of the material's heterogeneity, increase in pore pressure, or the stress regime [e.g., Mogi, 1962; Wiemer et al., 1998; Schorlemer et al., 2005] . To see if differences in the frequency-magnitude distribution exist, we calculated b-values for different parts of the back-arc region by using a maximumlikelihood technique [e.g. Aki, 1965; Bender, 1983; Woessner and Wiemer, 2005] . The magnitude of completeness (Mc) was determined visually by assessing the cumulative sum as well as the absolute number of magnitudes in the magnitude bins. Due to the narrow range in magnitudes and the relatively small number of events, the derived b-values likely have large uncertanties and should only be considered "suggestive". The results are very sensitive to Mc, which is difficult to determine in case of such narrow range in magnitude and the small number of events. Figure S6 shows individual b-values for the three major swarms in the ABSC derived from mb as reported in the ISC catalog. Figure S7 shows b-values for three different sub-regions in the back-arc derived from mb in the ISC catalog and Mw in the global CMT catalog. Our results suggest that b-values in the ABSC appear to be higher than anywhere else in the back-arc region. As for other volcanic regions in the world, the high b-values might be indicative for active volcanic processes in the ABSC. 
S.4 CLVD analysis of global CMT solutions
The non-double-couple part of the moment tensor is described by the compensatedlinear-vector-dipole (CLVD) component [Knopoff and Randall, 1970; Frohlich, 1990] . Special types of non-double-couple mechanisms are vertical-CLVD earthquakes, which have large non-double-couple component and steeply plunging P-or T-axis. Such vertical-CLVD earthquakes often correlate in space and time with episodes of volcanic unrest and are interpreted to be the result of volcanic processes [e.g., Ekström, 1994; Nettles and Ekström, 1998; Shuler et al., 2013] . One of the physical models proposed for such vertical-CLVD mechanisms suggests dip-slip motion on volcano ring faults [Ekström, 1994] .
To see whether or not such vertical-CLVD mechanisms exist in the back-arc region we analyzed moment tensor solutions in the global CMT catalog following the approach of Shuler et al. [2013] . The non-double-couple component is defined as
where λ 1 is the largest eigenvalue, λ 3 is the smallest eigenvalue, and λ 2 is the intermediate eigenvalue of the moment tensor. Pure double-couple earthquakes have ε=0 and pure CLVD mechanisms have ε=±0.5. Following Shuler et al. [2013] we calculated ε for all moment tensors in the global CMT catalog, which are within the back-arc region. We found 24 solutions with |ε| > 0.2, which are shown in Figure S8 . Only 3 of those events are located within the ABSC region. Using the definition for vertical-P CLVD events (ε < -0.2, plunge of P-axis >60°) of Shuler et al. [2013] we found three of such events in the back-arc region (vPC1-vPC3 in Figure S8 ). Only one of them (vPC1) is located within the ABSC and part of the 1984 swarm. In addition, we found one vertical-T CLVD event (ε > +0.2, plunge of T-axis >60°) in the back-arc region (vTC1 in Figure  S8 ), which is probably related to the plate interface. Shuler et al. [2013] pointed out that adding additional mantle-wave and surface-wave data can significantly reduces the size of the CLVD component of the CMT solution. Therefore we cannot rule out the possibility that some of the events shown in Figure S8 are in fact close to double-couple mechanisms. 
S.5 Regional gravity and magnetic anomalies
In Figure S9 we overlay regional free-air gravity [Sandwell and Smith, 2009] and magnetic anomalies [Maus et al., 2009] with the relocated seismicity of this study. The north-south striking negative anomaly in the gravity data in-between the Andaman Islands and the WAF ( Figure S9a ) was previously interpreted by Curray [2005] as indication for low-density sediments in the accretionary complex. The positive anomaly around 93.5°E/11.25°N, on the other hand, was interpreted as uplifted volcanics and/or intrusives [Curray, 2005] . The magnetic data in Figure S9b features an area of high magnetization over the ABSC, which probably reflects the presence of younger, highly magnetic crust in that region. 
S.6 Coulomb stress change modeling
In order to compare the amplitudes of the post-2004 regional stress change (in the order of 0.2-0.3 bar) to local stresses resulting from a dike intrusion, we modeled the Coulomb stress change due to a hypothetical tensile opening at the location of the 2006 earthquake swarm. We used two different receiver fault geometries based on the CMT solutions displayed in Figure 10 : -Steeply dipping axial faults (average for axial events): strike=73°, dip=58°, rake=-92° -Moderately dipping off-axis faults (average for events in fault-scarp region): strike=63°, dip=36°, rake=-96° The finding of the modeling is that local stress changes due to a hypothetical intrusion significantly exceed possible coseismic stress perturbations that may have originated from the Dec. 2004 rupture. The difference in stress change is in the order of one magnitude and this finding is rather independent from the parameters used in the modeling as shown by Figure S10 . Figure S10a shows the Coulomb stress change at 1 km depth using the parameters described in section 4. Figure S10b are identical to S10a, except that the dike height was reduced to 1 km (from 5.5 km to 4.5 km depth). Most axial events are located within the 1-2 bar isoline. In Figure S10c the along-strike length of the dike was reduced to 33 km and in Figure S10d the tensile opening was reduced to 0.5 m. In both cases, the majority of the axial events are located within the 1-2 bar isoline. In all models, axial events are located within the 1-2 bar isoline and stress change amplitudes significantly exceed the 0.2-0.3 bar predicted by coseismic stress models for the Dec. 2004 rupture. Perturbations in the modeled dike geometry mainly affect the stress change amplitudes in the off-axis regions. 
